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Abstract— Moisture content is the ratio 
expressed as a percentage of the mass of “pore” or 
free” water in a given mass of soil to the mass of 
solid particles. However, conventional method for 
determining moisture content is time consuming. 
This research is intended to propose a quicker 
method in accurately determining moisture 
content of clay soil. Assessment of the suitability 
for those methods are based on accuracy and 
testing duration of drying soils using Oven Drying 
Method, Microwave Method, and Moisture 
Balance Method. Oven Drying Method was 
considered to produce the true moisture content. 
Therefore, this is used as a basis of comparison 
for the results gained by using other methods in 
drying soils . The results have shown that 
microwave method is a promising alternative 
method based on accuracy and time duration. 
 
   Keywords: Moisture Content, Microwave Method, Rapid 
Moisture, Soil Moisture 
I. INTRODUCTION 
here are several basic but important parameters in soil 
mechanics that need to be determined, one of them is 
moisture content. This parameter is used in most main 
tests to find out either physical or mechanical properties of 
soil. For example, soil moisture content is needed in 
calculating the plastic limit, liquid limit and also in one 
dimensional consolidation test. Although it is very simple 
but it gives huge impact. According to [9], moisture content 
is defined as the ratio, expressed as a percentage, of the 
mass of water in a given mass of soil to the mass of the solid 
particles. The conventional and well known accepted 
method for determining the moisture content of soil is direct 
heating method. This method is a process by which the soil  
 
is dried by conductive heating from the direct application of 
heat in excess of 110°C to the specimen container, such as 
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provided by a hot plate, gas stove or burner, heatlamps, or 
other heat sources [9]. This method is very accurate but time 
consuming. Other alternatives include speedy moisture 
tester and microwave method. Measurement of the 
attenuation of microwaves in wet water was been used to 
determine the moisture content[2]. Study done by [2] and 
[5], found that the determination of moisture content in a 
material such as soil and sand from microwave 
measurement has been shown to be yield accurate and gives 
trustworthy results. The recent work done by [4] get hold of 
microwave ovens are a viable means of rapidly drying soils. 
His study has shown that they are safe, accurate, and 
efficient. The standard microwave oven is the best alternate 
device based on accuracy, test duration, and benefits to cost 
analysis. It is known that clay soil has high moisture content 
so this method seems suitable to be applied.  The purpose of 
this study is to determine the soil moisture content using 
three different methods which are oven drying, microwave, 
and moisture balance method. Comparison for each method 
is done to get the quickest and most accurate method. 
 
II. LOCATION 
 
All the samples of this study were taken in Parit Raja, 
Batu Pahat. Batu Pahat is one of the nine districts in State of 
Johor and located on the west coast of Johor. This test site is 
situated on soft clay soil, located about 20km from the Batu 
Pahat town center towards Ayer Hitam. The topography of 
the test area is relatively flat with the original ground about 
1.35m to 1.80m above the mean sea level. Parit Raja is 
situated on an area which has water table of 0.5-0.65 meter 
from ground surface. Based on work done by [1] and [7] 
classifies coastal soft soil deposits in Peninsular Malaysia as 
Tropical Weathered Transported and Re-deposited Materials 
(TWTRM) soil group. They are formed from chemical 
weathering of parent rocks, which are then transported by 
rivers and re-deposited in a variety of environments from 
freshwater to marine conditions. As a result, most TWTRM 
are found at the bottom of steep valleys along the coastal 
plan or in the sea. Geographically, most Malaysian low 
lands are covered with swampy, limestone, peat or soft clay 
soils. The soil distribution can be seen in Soil Distribution 
Map established in 1985 by of the Department of 
Mineralogy and Geosciences, Malaysia as shown in figure 
1. For this study, four different locations have been selected 
and each site consists of 3 stations. The selected locations 
are Parit Sempadan, RECESS, Parit Lapis Sempadan and 
Parit Rasipan. 
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Figure 1: Soil distribution in Batu Pahat  (Department of 
Mineralogy and Geosciences, Malaysia, 1985) 
 
III. LABORATORY TEST 
 
Four different locations were determined which are Parit 
Sempadan, RECESS, Parit Lapis Sempadan and Parit 
Rasipan, all in Parit Raja and each location consists of 3 
stations. All the samples was disturbed clay soil taken 
around 0.5 m to1.0 m depth from the ground surface. 
Tightly tied plastic bags were used and then the samples 
were put into polystyrene box to prevent moisture loss. All 
the soil samples then brought to the laboratory for further 
tests. Two main laboratory tests done were soil index 
properties and moisture content tests. Index properties tests 
consist of Atterberg limit and specific gravity. Both two 
tests were based on BS BS 1377: Part 2: 1990. Three 
samples were tested for every station in each sampling site.  
 
As for moisture content tests, three methods were used and 
they are Oven Dry Method (ODM), Microwave Method 
(MWM) and Moisture Balance Method (MBM).  ODM test 
procedure was based on ASTM Designation: D 4959-00. 
Three samples were tested for every station in each 
sampling site. A moist soil specimen was placed in a 
suitable container and its mass was determined. It was then 
subjected to drying by the application of direct heat until 
dry. Then, the soil was removed from the heat source, and 
its new mass was determined. This procedure was repeated 
until the mass becomes constant within specified limits. The 
moisture content for the soil using this method was used as a 
basis of comparison for the results gained by using other 
methods in drying soils. 
  
Testing procedure for MWM was based on ASTM 
Designation: D4643-00. For this study,  standard microwave 
oven was used;  manufactured by  SHARP and the model 
type is R-228C.  Nine samples were tested for each location. 
Soil specimen mass was determined and then put in the 
microwave oven. Subjected to an interval of drying, and 
removed from the oven and its new mass was determined. 
These steps were repeated until the mass becomes constant 
in weight. 
 
Moisture Balance Analyzer, model MS-70 and 
manufactured by A&D Company was used for MBM.  This 
model comes with a complete software for analysis called 
A&D RsFig. This software is able to collect and plot the 
data in the same time in real-time condition. Brief procedure 
of tests using moisture balance analyzer is outlined as: (i) set 
a high drying temperature; (ii) lessen the sample weight; and 
(iii) obtain more surface area by crushing a solid sample or 
use of a glass fiber sheet for a liquid sample. Further  tests 
procedure and using the software  is mention in the manual 
provided  by supplier. 
 
IV. RESULTS AND DISCUSSIONS 
 
a) Index Properties  
 
The value of specific gravity for the all four locations is 
between 2.59 to 2.63. Plastic limit and liquid limit test were 
carried out for Atterberg limit tests. The values obtained for 
liquid limit tests are between 52.2% the lowest for sample 
taken at PR and the highest is 65.8% for sample LS. 
According to [6], the liquid limit of clay soil varies from 40 
to 150 % and all the values were fall in this range. The 
plastic index and plastic limit values are 21.2-30.3 % and 
30.2-36.5% respectively. These values are in the range of 
clay soil according to [6]. The soil can be classified as CH 
according to Unified Soil Classification System. Index 
properties for all location are tabulated in Table 2. 
 
Table 2: Index Properties for Each Location 
Location  Tests Sample  
PS REC LS PR 
1 2.59 2.61 2.63 2.61 
2 2.63 2.60 2.62 2.62 
Specific 
Gravity, GS 3 2.60 2.59 2.63 2.61 
1 56.4 60.1 64.8 52.2 
2 56.1 59.6 65.8 53.7 
Liquid Limit, 
wL (%) 
3 56.2 59.3 63.9 52.4 
1 34.6 31.7 35.5 31.0 
2 33.9 30.7 36.5 32.3 
Plastic Limit, 
wP (%) 
3 32.8 30.2 33.6 30.7 
1 21.8 28.4 29.3 21.2 
2 22.2 28.9 29.3 21.4 
Plasticity 
Index 
(%) 3 23.4 29.1 30.3 21.7 
 
b)  Moisture Content 
 
The samples tested using MWM was heated until the 
moisture content percentage is stable. A selected result from 
each location was presented in figure 2 while sample results 
obtained from A&D RsFig software for MBM can be seen 
in figure 3. As the graph is approaching steady values, this 
indicated that the soil had reached the maximum moisture 
that can be evaporated and the test can be ended. The drying 
curves obtained from this study were similar with the curve 
proposed by [3] is shown in figure 4. The results shown in 
table 3 revealed the value of moisture content obtained were 
between 69.9% to 173.5 %, 68.4% to 155.8 % and 70.9% to 
166.1% for ODM, MWM and MBM respectively.  The 
lowest moisture content for all methods is the PR samples 
while the highest is at site PS. The moisture content 
obtained is graphically shown in figure 5. 
 
Table 3: Moisture content for all method 
Site  Method 
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ODM  MWM MBM   
Moisture Content (%) 
PS1 129.7 139.2 166.1 
PS2 152.5 163.2 149.8 
PS3 173.5 155.8 70.9 
REC1 109.4 105.3 130.6 
REC2 135.6 122.5 120.6 
REC3 109.9 108.3 128.6 
LS1 123.4 118.4 144.5 
LS2 100.6 105.8 125.9 
LS3 107.4 105.9 102.5 
PR1 71.0 70.8 85.2 
PR2 82.5 76.0 92.9 
PR3 69.9 68.4 95.1 
 
 
Figure 2 : Drying curves for MWM. 
 
 
Figure 3: Drying curve for MBM using software. 
 
c) Method Accuracy 
 
The ODM is referred as true moisture content and used as a 
basis of comparison for the results gained by using other 
methods in drying soils. The summary percentage 
differences of moisture content using both two alternatives 
method is shown in Table 4. The maximum differential 
value is about 10% and the lowest is 0.28% for MWM. The 
MBM generated huge percentage differences. Based on the 
findings in this study, MBM percentage difference to ODM 
is about 40% and thus, this technique is somewhat 
unsuitable. The small differences in percentage values of the 
MWM are clearly depicted in Figure 5. In brief, MWM is 
more accurate compared to MBM method. 
 
 
Figure 4: Typical drying curve for microwave method 
(Hagerty et al., 1990) 
  
 
Figure 5: Percentage of moisture content obtained for all 
methods. 
 
Table 4:  Percentage difference on moisture content. 
Method Method 
ODM  MWM MBM  MWM MBM  
Site  Moisture Content (%) Percentage Difference 
Location  ODM  MWM MBM  MWM MBM  
PS1 129.7 139.2 166.1 -7.30 -28.03 
PS2 152.5 163.2 149.8 -7.02 1.77 
PS3 173.5 155.8 70.9 10.24 59.14 
REC1 109.4 105.3 130.6 3.81 -19.34 
REC2 135.6 122.5 120.6 9.64 11.06 
REC3 109.9 108.3 128.6 1.52 -16.98 
LS1 123.4 118.4 144.5 4.08 -17.07 
LS2 100.6 105.8 125.9 -5.14 -25.15 
LS3 107.4 105.9 102.5 1.43 4.56 
PR1 71.0 70.8 85.2 0.28 -19.94 
PR2 82.5 76.0 92.9 7.88 -12.61 
PR3 69.9 68.4 95.1 2.19 -35.99 
 
d) Method Duration   
 
The duration of each method is shown in Figure 6. MWM 
took shorter time compared to MBM. The MWM is 
presented by red lines in the graph. This method took less 
than 25 minutes to reach the stable condition of moisture 
content.  On the other hand, MBM took at least 68 minutes 
to achieve the stable condition. MWM method saved 6 % 
and 98% of the time than MBM and ODM method 
respectively.  
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Figure 6: Duration of each method. 
 
V. CONCLUSION 
The study has revealed that between the two alternative 
methods used, MBM gives huge differences in soil moisture 
content and time taken compared to ODM. Hence, MBM is 
unlikely to be recommended as a favorable alternative 
method. As for the MWM, the study findings shown that it 
can be used in determining the moisture content of soil. The 
MWM also yielded the best and fastest result in determining 
the soil moisture content. Besides, this method is also 
efficient and accurate. In conclusion, MWM is the most 
feasible method and gives reliable results for determining 
moisture content of clay soil with the shortest time.  
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